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Flow Field Plate Geometries 

This invention relates to fuel cells and electrolysers, and is particularly, although not 
exclusively, applicable to proton exchange membrane fuel cells and electrolysers. 

5 Fuel cells are devices in which a fuel and an oxidant combine in a controlled manner to produce 
electricity directly. By directly producing electricity without intermediate combustion and 
generation steps, the electrical efficiency of a fuel cell is higher than using the fuel in a 
traditional generator. This much is widely known. A fuel cell sounds simple and desirable but 
many man-years of work have been expended in recent years attempting to produce practical 
10 fiiel cell systems. An electrolyser is effectively a fuel cell in reverse, in which electricity is used 
to split water into hydrogen and oxygen. 

Both fuel cells and electrolysers are likely to become important parts of the so-called '^hydrogen 
economy". In the following, reference is made to fuel cells, but it should be remembered that 
the same principles apply to electrolysers. One type of ftiel cell in commercial production is the 
so-called proton exchange membrane (PEM) fuel cell [sometimes called polymer electrolyte or 
solid polymer fuel cells (PEFCs)]. Such cells use hydrogen as a fuel and comprise an 
electrically insulating (but ionically conducting) polymer membrane having porous electrodes 
disposed on both faces. The membrane is typically a fluorosulphonate polymer and the 
electrodes typically comprise a noble metal catalyst dispersed on a carbonaceous powder 
substrate. This assembly of electrodes and membrane is often referred to as the membrane 
electrode assembly (MEA). 

Hydrogen fuel is supplied to one electrode (the anode) where it is oxidised to release electrons 
to the anode and hydrogen ions to the electrolyte- Oxidant (typically air or oxygen) is supplied 
to the other electrode (the cathode) where electrons from the cathode combine with the oxygen 
and the hydrogen ions to produce water. A sub-class of proton exchange membrane fuel cell is 
the direct methanol fuel cell in which methanol is suppUed as the fuel. This invention is 
intended to cover such fuel cells and indeed any other fuel cell using a proton exchange 
membrane. 
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In commercial PEM fuel cells many such membranes are stacked together separated by flow 
field plates (also referred to as bipolar plates). The flow field plates are typically formed of 
metal or graphite to permit good transfer of electrons between the anode of one membrane and 
the cathode of the adjacent membrane. The flow field plates have a pattern of grooves on their 
5 surface to supply fluid (fuel or oxidant) and to remove water produced as a reaction product of 
the fuel cell. 

Various methods of producing the grooves have been described, for example it has been 
proposed to form such grooves by machining, embossing or moulding (WOOO/41260), and (as 
is particularly useful for the present invention) by sandblasting through a resist (WOO 1/04982). 

10 International patent application No. WOO 1/04982 disclosed a method of machining flow field 
plates by means of applying a resist or mask to a plate and then using sandblasting (or other 
etching method using the momentum of moving particles to abrade the surface, e.g. waterjet 
machining), to form features corresponding to a pattern formed in the mask or resist. 

Such a process was shown by WOOl/04982 as capable of forming either holes through the flow 
15 field plates, or closed bottom pits or channels in the flow field plates. The process of 

WOOl/04982 is incorporated herein in its entirety, as giving sufBdent background to enable the 
invention. 

In practice, the majority of plates made to date have been formed by milling the chajonels. 

WOOO/41260 discloses a flow field geometry in which substantially straight parallel channels 
20 are provided of a width less than about 0.75mm. 
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WOOO/26981 discloses a similar geometry in which highly parallel flow channels of a width 
less than 800|im separated by lands of less than SOO^un are used. This geometry is stated to 
improve gas distribution as reducing the need for lateral gas dispersion through the MEA 
(referred to in WOOO/26981 as the DCC [diffusion current collectors]). The geometry is also 
5 stated to reduce electrical resistance as it reduces the electrical path length to land areas. There 
is a conflict between electrical and gas properties described in WOOO/2698 1 , in that reduced 
land areas are stated to increase electrical resistance. WOOO/26981 states that these conflicting 
reqiiirements may be opthnised. WOOO/26981 states that the pattern of highly parallel micro- 
channels may contain interconnections or branch points such as in hatchings or grid patterns. 
10 One advantage of the use of narrow channels is stated to be that this encourages water droplet 
formation across the channels so permitting efficient water removal. However this advantage 
may not be seen where a grid pattern is used as the pressure either side of a water droplet is 
likely to be substantially equal. 

Cited against WOOO/26981 are:- 

15 • US 3814631, which discloses an electrode construction in which micro-channels of 
more than 0.3nam wide are provided in a frame edge leading to a textured electrode in 
which protrusions on one face of the electrode match depressions in the opposed face of 
the electrode. 

• US 5 1 08849, which discloses a plate having serpentine tracks of 0.76mm (0.03 inch) 
20 width or more with land widths of 0.254mm (0.01 inch) or more. 

• W094/1 1912, which discloses a plate having discontinuous tracks of 0.76mm (0.03 
inch) width and depflL These tracks may be interdigitated. 

• W098/52242, which discloses means for humidifying the membrane. 

Narrow channels are known for other devices, for example, W094/21372 discloses a chemical 
25 processing apparatus comprising a three dimensional tortuous channel formed by aligning part 
chaimels in adjacent discs. Such a construction has not been used for a fuel cell. 

None of the fuel cell related patents disclose a structure of coarse gas delivery charmels leading 
to fine gas dififusion chaimels. 
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To ensure that the fluids are dispersed evenly to their respective electrode surfaces a so-called 
gas difiusion layer (GDL) is placed between the electrode and the flow field plate. The gas 
diffusion layer is a porous material and typically comprises a carbon paper or clofh, often 
having a bonded layer of carbon powder on one face and coated with a hydrophobic material to 
5 promote water rejection. It has been proposed to provide an interdigitated flow field below a 
macroporous material (US-A-5641586) having connected porosity of pore size range 20-100|im 
allowing a reduction in size of the gas difiusion layer. Such an arrangement peraiits gas flow 
around blocked pores, which is disadvantageous. Build up of reactant products (such as water) 
can occur in these pores redudng gas transport efBciency, Additionally, such a structure 
10 increases the thickness of the flow field plate. 

The iQventors have analysed what happens in a fuel cell and have come to the conclusion that 
the gas difiusion layer does not do what it's name implies. The theory had been that the gas 
difiusion layer serves to permit gas to difiuse across the whole surface of the membrane so that 
large portions of the membrane are active in the cell reaction. The inventors have found that, in 

IS sunple models, the gas appears not to access the whole of the lands between the channels, but 
only the area above the chaimels and a small margin surrounding the channels, the majority of 
the electricity generation taking place in this restricted region. This is supported by the 
observation that interdigitated channels show higher electrical efficiencies since the gas is 
forced into the areas above the lands. The gas difiusion layer does however actually serve a 

20 usefiil purpose in carrying current from those areas of the membrane electrode above the 
channels to the lands, and in providing mechanical support to the membrane electrode to 
prevent it being squeezed into the channels. Several inventors have proposed stiffening the 
membrane electrode. 

The gas diffusion layer in carrying current firom those areas where electricity is generated to the 
25 lands, does of course result in electrical losses due to the electrical resistance of the gas 

difiusion layer. Present day gas difiusion layers are chosen as a delicate balance between the 
needs of mechanical strength, electrical conductivity, and gas permeability. 

A combined flow field plate and gas diffusion layer has been described in US-A-6037073 and 
comprises a selectively impregnated body of porous carbon material, the impregnation 
30 hermetically sealing part of the plate. Such an arrangement has the drawbacks that it is 
complicated to make reproducibly and that it permits gas flow around blockages as in 
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An assembled body of flow field plates and membranes with associated fuel' and oxidant supply 
manifolds is often referred to a fUel cell stack. 

Although the technology described above has proved useful in prototype and in some limited 
commercial applications, to achieve wider commercial acceptance there is now a demand to 
5 reduce the physical size of a fuel cell stack and to reduce its cost. Accordingly, a reduction in 
the number of components could have beneficial results on size and cost (both through material 
and assembly costs). 

Also, the prior art flow field plates have provided flow fields of serpentine, linear, or 
interdigitated form but have not looked to other physical systems for improving the gas flow 
10 pathways. Such existing flow field patterns . tend to have a problem with gas "short circuiting" 
by passing firom one channel to an adjacent channel having a significantly lower pressure. 

The inventors have realised that by forming suffidenfly fine channels on the face of the flow 
field plates the purpose of distributing the gas evenly across the electrodes can be achieved 
without the use of a separate gas diffusion layer. The membrane can be prevented firom falling 
15 into the channels by use of a stiffened membrane or lower clamping pressures as appropriate. 

The inventors have fijrther realised that by looking to physiological systems (the lung) 
improved flow field geometries may be realised that are likely to have lower parasitic losses 
due to their shorter gas flow pathways. They have also realised that such geometries are less 
likely to suflfer firom gas short-circuiting. 

20 Additionally, the inventors have realised that use of narrow tracks results in a reduction in 
resistive electrical losses in the gas diffusion layer, since there will be shorter pathways firom 
the electrically active regions of the membrane electrode to the lands between the channels. 
Conversely, as the pathwaj^ firom the electrically active regions of the membrane electrode to 
the lands between the channels are shorter, then a higher resistance gas diffusion layer can be 

25 tolerated so permitting a wider range of materials to be considered for the gas diffusion layer. 

The present invention therefore provides a flow field plate for a fuel cell comprising on at least 
one face an assembly of channels comprising one or more gas delivery channels, and a plurality 
of gas diffusion channels of width less than 0.2mm connecting thereto. 
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The gas delivery channels may comprise one or more primary channels of a width greater than 
1mm, and a plurality of secondary gas delivery channels of a width less than 1mm connecting 
thereto. 

The gas diffusion channels may form a branched structure. 

5 The gas difiusion chaimels may be of varying width, forming a branched structure of 

progressively diminishing channel width similar to the branching structure of blood vessels and 
air chaimels in the lung. 

The invention is illustrated by way of non-limitative example in the following description with 
reference to the drawing in which:- 

10 Fig. 1 shows schematically in part section a part of a fluid flow plate incorporating gas delivery 
channels and gas diffusion channels formed by sandblasting; 

Fig. 2 shows schematically a partial plan view of a fluid flow plate incorporating gas delivery 
channels and gas diffusion channels; 

Fig. 3 shows schematically a prior art design flow field plate to illustrate the problem of short 
15 circuiting. 

Fig. 4 shows schematically a prior art arrangement of channels; and 

Fig. 5 shows a part section of a branched flow field pattern in accordance with the present 
invention. 

To form both gas delivery and gas diflEusion channels a technique such as sand blasting may be 
20 used in which a template or resist is placed against the surface of a plate, the template or resist 
having a pattern corresponding to the desired channel geometry. Such a technique is described 
in WOOl/04982, which is incorporated herem in its entirety as enabling the present invention. 
With this technique the plates may be formed firom a graphite/resin composite or other non- 
porous electrically conductive material that does not react significantly witih the reactants used. 
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It is found with this technique that the profiles of channels of different width vary due to the 
shadow cast by the notask. Fig. 1 shows a flow field plate 1 having a narrow channel 2 formed in 
its surface. Because of the shadowing effect of the resist xised in forming the channel the 
channel is exposed to sandblast grit coining effectively only firom directly above. This leads to a 
5 generally semicircular profile to the channel and to a shallow cutting of the channel. 

For progressively larger channels (3 and 4) the resist casts less of a shadow allowing 
sandblasting grit from a progressively wider range of angles to strike the surface of the flow 
field plate, so allowing both deeper cutting of the surface and a progressively flatter bottom to 
the channel. 

10 Accordingly, by applying a resist with different width channels to a plate and exposing the plate 
and resist to sandblasting with a fine grit, a pattem of channels of different widths and depths 
can be applied. 

Applying such a pattem of channels of varying width and depth has advantages. In flow field 
plates the purpose behind the channels conventionally applied is to try to ensure a uniform 
15 supply of reactant material to the electrodes and to ensure prompt removal of reacted products. 
However the length of the passage material has to travel is high since a convoluted path is 
generally used. 

Another system in which the aim is to supply reactant uniformly to a reactant surface and to 
remove reacted products is the lung. In the lung an arrangement of progressively finer channels 
20 is provided so that air has a short pathway to its reactant site in the lung, and carbon dioxide has 
a short patiiway out again. By providing a network of progressively finer channels into the flow 
field plate, reactant gases have a short pathway to their reactant sites. 

The finest channels could simply discharge into wide gas removal channels or, as in the lung, a 
corresponding network of progressively wider channels could be provided out of the flow field 
25 plate. In the latter case, the two networks of progressively finer channels and progressively 
wider channels could be coimected end-to-end or arranged as interdigitated networks with 
diffusion through a gas diffusion layer or through the electrode material providing coimectivity. 
Connection end-to-end provides the advantage that a high pressure will be maintained through 
the chaonels, assisting in the removal of blockages. 

30 
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Fig. 2 shows in a schematic plan a portion of a flow field plate having broad primary gas 
delivery channels 4, which diverge into secondary gas delivery channels 3 which themselves 
diverge into gas diffusion channels 2. Gas diffusion channels 5 can also come off* the primary 
gas delivery channels 4 if required. The primary and secondary gas delivery channels may each 
5 form a network of progressively finer channels as may the gas diffusion channels and the 
arrangement of the channels may resemble a fiactal arrangement. 

The primary gas delivery channels may have a width of greater than 1mm, for example about 
2mm. The depth of such a channel is limited only by the need to have sufficient strength in the 
flow field plate after forming the channel. A typical channel is about 40% of the plate thickness. 

10 On current plates (6mm thick) the channels are typically 2.5mm deep. As the plate becomes 
thinner then the channel depth will reduce. However, the catalyst and GDL are soft materials 
that will intrude into a channel with a low aspect ratio (shallow and wide). Preferably therefore 
the aspect ratio of the channels is typically between 0.5 and 2. The secondary gas delivery 
channels may have a width of less than lixun, for example O.Smm and may be shallower than 

15 the primary gas delivery channels. The gas diffusion channels have a width of less than 0.2mm, 
for example about 100[jm and may be shallower still. 

By providing such a structure, reactant products have a short distance to travel and can be 
removed efficiently in comparison with conventional plate designs. Additionally, gas channels 
in typical bipolar plates are of square or rectangular section and are millimetric in size. E.g. 
20 Ballard™ plates have a 2.5mm square section channel. APS™ plates have a channel that is 
0.9mm wide by 0.6 mm deep. Smaller channels are beneficial as the pressure drop per unit 
length is higher and the pressure drop is what drives the reactants into the diffusion media. 

In a conventional flow field plate 6, as shown in Fig. 3, gas (fiiel or oxidant) enters a first port 7 
and exits a second port 8. The gas flows in a serpentine channel 9 firom port 7 to port 8 

25 diminishing in pressure as it does so. It will be appreciated that at certain parts 10 of the track 
the pressure differential between adjacent tracks is high and this can result in gas short- 
circuiting the channel so that other parte 1 1 are starved of fuel or oxidant. This short circuiting 
occurs by the gas passing between the membrane electrode and the face of the flow field plate. 
Most current plates have a pressure differential (AP) between inlet and outiet of <100mbar on 

30 the air side. Interdigitated plates have high AP, typically about 3 times atmospheric pressure. 
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In contrast, in the present invention, adjacent tracks may be designed to have broadly similar 
pressures, so reducing the risk of short-circuiting. 

WOOO/41260 has an extensive discussion of flow field design but has not appreciated that be 
providing extremely fine channels (less than 0.2mm) and by providing such channels as part of 
5 a network of progressively diminishing width, the pressure drop between adjacent channels is 
minimised so avoiding short-circuiting of the flow field. 

The primary channels) must be of a size sufScirat to deliver the working volume of gas 
required by the cell. This is about 25L/min per kW of working power. 

The flow field plates may be used with a gas diffusion layer, or the gas diffusion channels may 
10 be provided in a sufficient density over the surface of the flow field plate to provide sufficient 
gas delivery that a gas dififiision layer may be omitted, or significantly reduced in thickness. 
Such reduction is consid^ed advantageous as the GDL component is a major contributor to 
resistive losses in the cell. 

The limit on channel width is a fimction of the mask thickness used in the sand blast process, 
15 Image Pro™ materials (Chromaline Corp. US), are very thick at 125 micron. These masks limit 
track widfli to about 100 microns. Other mask materials can be spray coated onto the substrate 
and exposed in situ. These materials are much more resilient and hence can be much thinner. 
Chromaline SBX™ can be used to etch features down to 10-20 microns wide. 

WOOO/26981 discusses the use of flow fields having parallel channels which may have 
20 branching or intercoimecting points such as hatchings or grid pattems. Such a pattem has 
significant drawbacks and is shown schematically in Fig. 4. As indicated in Fig. 4, a grid of 
channels 12 is provided. If a droplet of water 13 blocks one of the chaimels, reactant gas can 
easily flow aroimd the droplet following arrow 14. This will result in the pressure downstream 
(A) of the droplet being very close to the pressure upstream (B) and so there will be little 
25 driving force to remove the droplet. 

In contrast, with a braached flow field as shown in Fig 5, gas flows in a branching pattem 15 
the pathway for reactant gas firom the upstream side of droplet 13 to the downstream side of 
droplet 13 is long - effectively to the end of the flow field and back again. This means that the 
pressure upstream (B) of the droplet will be significantly higher than the pressure downstream 
30 (A), so providing a driving force for removal of water. 
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As well known, (see for example WOOO/41260) the same pattern of grooves does not need to 
be applied to both faces of a flow field plate and the present invention is not limited in this way. 

It is known to provide flow field plates comprising an electrically conductive core and a non- 
conductive fi-ame (e.g. WO97/50139, WOOl/89019, and US 3278336). The flow fields of the 
5 present invention may be used in such arrangements, with either the entire flow field being on 
the conductive core, or being partially on the non-conductive firame and partially on the 
conductive core. 



10 



wo 02/065566 



PCT/GB02/00491 



Claims 



1 . A fuel cell flow field plate comprising on at least one face an assembly of channels 
comprising one or more gas delivery channels, and a plurality of gas difiiision channels 

5 of width less than 0.2mm connecting thereto. 

2. An electrolyser flow field plate comprising on at least one face an assembly of channels 
comprising one or more gas delivery channels, and a plurality of gas diffusion chaimels 
of width less than 0.2mm connecting thereto. 

3. A flow field plate as claimed in Claim 1 or Claim 2, in which the gas delivery channels 
10 comprise one or more primary channels of a width greater than Imm, and a plurality of 

secondary gas delivery channels of a width less than Imm coimecting thereto 

4. A flow field plate as claimed in any of Claims 1 to 3, in which the gas difiusion 
channels form a branched structure. 

5. A flow field plate as claimed in Claim 4 in which the gas diffusion channels are of 

15 varying width forming a branched structure of progressively diminishing channel width. 

6. A flow field plate as claimed m any preceding claim comprising a first assembly of 
channels for gas delivery and a second assembly of channels for removal of reactant 
products. 

7. A flow field plate as claimed in claim 6, in which the first and second assemblies of 
20 channels are interdigitated. 

8. A flow field plate as claimed in any preceding claim in which channels decrease in 
depth with diminishing width. 

9. A flow field plate as claimed in any preceding claim in which the gas diffusion channels 
are provided in a sufficient density over the surface of the flow field plate as to form an 

25 integral gas diffusion layer. 

1 0. A flow field plate as claimed in any preceding claim comprising an electrically 
conductive core and anon-conductive frame. 
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